Background: To present an overview of patient-reported sexual toxicity in sexually active long-term prostate cancer survivors treated with radiation therapy.
Modern prostate cancer treatments often lead to successful outcomes with respect to local tumour control and long-term survival (Budaus et al, 2012; Resnick et al, 2013) . Radiation therapy has an important role in this regard as it is an excellent treatment option for localized disease. With current means to plan and deliver radiation therapy, the number and severity of late radiation-induced toxicities have been reduced for many patients. The radiation oncology community is, therefore, approaching the situation where it is time to also turn focus towards patientreported lower-grade toxicities to improve quality of life for survivors. Unfortunately, there is limited information about late lower-grade toxicities associated with prostate cancer irradiation, particularly for symptoms related to sexual dysfunction.
Assessing sexual dysfunction after radiation therapy is challenging. Patients may experience such symptoms for reasons other than those attributable to the treatment. Anxiety and depression (De Sousa et al, 2012) , diabetes mellitus (Roach et al, 2010; Budaus et al, 2012; Hoppe et al, 2012; Magli et al, 2012; Kerns et al, 2013) , hormonal treatments (Roach et al, 2010; Budaus et al, 2012; Haugnes et al, 2012; Magli et al, 2012; Incrocci and Jensen, 2013; Kerns et al, 2013) , and older age (Mirza et al, 2011; Budaus et al, 2012; Keller et al, 2012; Incrocci and Jensen, 2013; Kerns et al, 2013) are all factors that have been reported to influence sexually related symptoms to various degrees. In addition, many prostate-cancer survivors use substances like sildenafil to compensate limitations in sexual performance, which also may cause confusion about the extent of an actual dysfunction (Incrocci and Jensen, 2013) .
Pre-treatment erectile function is one of the most important factors predicting post-treatment function (Roach et al, 2010; Budaus et al, 2012; Hoppe et al, 2012; Keller et al, 2012; Incrocci and Jensen, 2013; Mirza et al, 2011) . Although the structures most critical for sexual dysfunction after radiation therapy have not yet been conclusively determined, one recommendation is to keep the mean dose to 95% of the penile bulb volume to o50 Gy (Roach et al, 2010) . There is also evidence that intensity-modulated radiation therapy result in less sexual toxicity than threedimensional conformal radiation therapy (Mirza et al, 2011; Keller et al, 2012) .
The purpose of this work was to provide a comprehensive overview of sexual symptoms after radiation therapy for prostate cancer as reported by sexually active long-term survivors and to relate these to symptom occurrence among non-pelvic-irradiated men from the general population. Our goal was to identify those persisting lower-grade symptoms that are likely to be a consequence of radiation therapy before the intensity-modulated radiation therapy era and which potentially can be the candidate symptoms to be avoided in modern prostate cancer radiation therapy to improve sexual health for future long-term survivors.
MATERIALS AND METHODS
The men included in this work constitute a subset of a larger study with the purpose to survey late effects after radiation therapy in prostate cancer survivors. Details on this cohort have been reported previously (Alsadius et al, 2011; Olsson et al, 2013 ), but will be summarized below.
Briefly, 1007 men had been consecutively treated for localized prostate cancer at the Sahlgrenska University Hospital in Gothenburg, Sweden, from 1993 to 2003. The survivors had received primary or salvage external beam radiation therapy (EBRT), or primary EBRT in combination with BT (EBRT þ BT). Among them, 985 met the eligibility criteria (no metastatic disease, age below 80 years, sufficient knowledge of Swedish (reading and understanding), and being a Swedish resident at the time of followup) and had agreed to participate in a questionnaire study surveying symptoms including sexual dysfunction after prostate cancer radiation therapy. Altogether, 874 returned a filled-in questionnaire. For the original study, a population-based reference group of 332 non-pelvic-irradiated prostate-cancer-free men, matched for age and residency, were recruited from the Swedish Total Population Register to provide symptom background rates, that is, the symptom occurrence in men from the general population. To be included in the present analysis, survivors and reference men also had to be free of diabetes mellitus and had to admit to being sexually active, including own stimulus, at the time of filling in the questionnaire.
The original study had been approved by the Regional Ethics Committee in Gothenburg, Sweden, and all participants gave written consent.
Treatment. The men receiving primary or salvage EBRT had usually been prescribed a total dose of 70 Gray (Gy) at 2 Gy per fraction . The majority of the men receiving EBRT in combination with BT had been prescribed an EBRT dose of 50 Gy at 2 Gy per fraction and a BT dose of 20 Gy in two 10 Gy fractions separated by 2 weeks. Both treatments were delivered during a 7-week period.
External beam radiation therapy was individually planned based on computed tomography (CT) imaging with the patient in a supine treatment position and with a low concentration of contrast in the bladder. No systematic instruction regarding bladder or rectal filling before CT scanning was employed. The planning target volume was defined as the prostate with a 20-mm margin in all directions except posteriorly where the margin was 15 mm or no more than half of the rectum area. For prostatectomized patients, the planning target volume was defined similarly but with the original location of the prostate gland replaced by the postoperative prostatic region. A conformal isocentric three-field technique using one anterior and two lateral wedged fields was used for all patients. The treatment was delivered with 11 or 15 MV photon beam quality and the dose was prescribed to the centre of the planning target volume according to the recommendations by the International Commissions on Radiation Units and Measurements (ICRU, 1999) .
High-dose rate BT was also individually planned and based on transrectal ultrasound imaging with the patient in a lithotomy position. The planning target volume was defined as the prostate with a 2-mm margin in all directions except cranially and caudally. The dose distribution was optimized by determining the number of needles, needle positions, and dwell times for the source within each needle. The objective of BT was to cover the planning target volume with the prescription dose while keeping the urethral absorbed dose below 120%. Typically, 11-15 needles were manually inserted through a perineum template and the treatment was delivered using a high-dose rate 192 Ir source.
Questionnaire. Toxicity data for survivors and the reference men were taken from a study-specific questionnaire containing 165 detailed questions on symptoms associated with the gastrointestinal, genitourinary, and bony regions of the pelvis as well as questions on quality of life and sexuality, demographics, additional treatments, and co-morbidities (Alsadius et al, 2011) . The questionnaire was constructed and validated according to the well-founded method established at the Divisions of Clinical Cancer Epidemiology at the University of Gothenburg in Göteborg and Karolinska Institutet in Stockholm, Sweden (Bergmark et al, 1999; Steineck et al, 2002a; Steineck et al, 2002b; Kreicbergs et al, 2004) . Briefly, symptoms are identified after in-depth interviews with cancer survivors and operationalized into detailed questions (one atomized, 'conceptually clean', symptom per question) that are verified with individuals of the patient cohort under study to make sure that the questions are correctly understood and that relevant symptoms are included. Following a pilot study, where the questionnaire is tested for participation rate, logistics, frequency of missing answers, and may undergo additional adjustments, the main study is conducted as a cross-sectional postal questionnaire study.
For this work, we used a subset of 16 questions that reflect physical sexual symptoms concerning erectile function, libido, orgasm, and seminal fluid. There were 17 additional questions concerning quality-of-life issues relating to sexual symptoms and technical and medical aids to improve erection, but these will be subjects of future publications.
Statistics.
To distinguish potentially different effects by radiation therapy regimens for prostate cancer on sexual toxicity, the survivors were analysed in three groups based on if they had had undergone primary EBRT, EBRT and BT (EBRT þ BT), or salvage EBRT. To quantify the occurrence of symptoms in each of these groups, symptom prevalence for a group of survivors as well as for the reference group were calculated as the fraction of individuals reporting a given symptom among the total number of individuals answering the question, missing answers excluded. To identify potentially radiation-induced symptoms, prevalence ratios with 95% confidence intervals (CIs) were calculated as the ratio between the prevalence for a survivor group and the prevalence for the reference group. Age, pre-treatment sexual function, smoking, and hormonal treatment, previously reported to impact sexual function (Roach et al, 2010; Budaus et al, 2012) , were included to provide adjusted prevalence ratios (or adjusted odds ratios if motivated by algorithm non-convergence; odds ratio calculated as the ratio between the odds for the survivor group and the odds for the reference group, odds calculated as the fraction of the prevalence ratio and 1-the prevalence ratio). Pre-treatment sexual function was assessed by the question 'Did you have a weak erection before being diagnosed with prostate cancer?' with the answering categories 'no' and 'yes'. Smoking status was defined as never having smoked or as being a current or a former smoker. Hormonal treatment was defined as a positive response to removal of testicles at any time because of prostate cancer or treatment with anti-androgen or gonadotropin-releasing hormone (GnRH) during the 6 months foregoing the time point of answering the questionnaire.
To illustrate potential effects by age and by time to follow-up on the investigated symptoms, we further analysed each survivor group in more detail. For age, survivors were divided into three clinically relevant subgroups with respect to age at study: younger than 60, 60-70 and older than 70 years of age. For time to follow-up, survivors were divided into four equally sized subgroups: shorter than 3 years, 3-5 years, 5-7.5 years, and longer than 7.5 years.
The men were asked to assess symptoms during the 6 months preceding the time point at which the questionnaire was answered. Analyses were performed with SAS 9.3 for Windows (SAS Institute Inc., Cary, NC, USA); the FREQ and the GENMOD Procedures for unadjusted and adjusted ratios, respectively. A two-sided Po0.05 or 95% CIs not including 1.0 were considered statistically significant.
RESULTS
When removing men with diabetes (N ¼ 86) and sexually inactive men (N ¼ 270) from the 874 men who had returned a filled-in questionnaire in the original study, data from 518 eligible survivors and 155 reference men were available for the analyses of this work. This meant that 270 out of 788 (34%) of the non-diabetic men reported being not sexually active, including own stimulus. In reference men, corresponding numbers were 49 out of 204 (24%) meaning that not being sexually active was almost one and a half times as common in survivors as in reference men (prevalence ratio: 1.4, 95% CI: 1.1-1.9, P ¼ 0.008). Of the survivors, 165 men were treated with primary EBRT, 229 men with EBRT þ BT and 124 men with salvage EBRT after prostatectomy.
Selected demographic characteristics are shown in Table 1 . The median time to follow-up for the prostate cancer survivors was 5 years, range 1-14 years. The men treated with primary EBRT had a longer time to follow-up than men from the other treatment groups (6 years vs 4-5 years; Po0.001) and were also older (72 years vs 67-69 years; Po0.001). Hormonal treatment was reported by 23 out of 165 men (14%) in the primary EBRT group, 19 out of 229 (8%) in the EBRT þ BT group and 29 out of 124 men (13%) in the salvage EBRT group. None of the reference men reported having undergone hormonal treatment.
Sexual symptoms. Statistically significantly higher prevalence ratios with respect to reference men were found for 9 of the 16 investigated symptoms in the primary EBRT group, and for 10 symptoms in both the EBRT þ BT group and the salvage EBRT group (Table 2) . Differences in symptom profiles between the three treated groups concerned orgasm-related symptoms (questions 8, 12, and 14) .
The question reflecting reduced amount of seminal fluid following ejaculation (question 10) had the highest prevalence ratio in all the three groups. Of the prostate cancer survivors, 145 out of 387 (37%) reported having no seminal fluid following ejaculation compared with 1 out of 144 (1%) of the reference men. The second highest prevalence ratio in the EBRT group as well as the EBRT þ BT group was found for the question reflecting quality of erection (question 3) with the quality never being sufficient for intercourse four-fold increased in survivors compared with reference men. In the salvage EBRT group, the second highest prevalence ratio was found for the question reflecting the ability to get an erection without medication or technical aids (question 1) with absence of erection being sevenfold increased in survivors compared with reference men. Adjusting for age, pre-treatment sexual function, smoking, and hormonal treatment did not change the overall symptom profiles (data not shown) and in the following sections we, therefore, report the unadjusted results. Hormonal treatment a , n (%) Influence of age on sexual symptoms. The influence of age on symptoms with statistically significant prevalence ratios between survivors and reference men is shown by treatment group in Supplementary Figure 1 . When dividing each survivor group into age intervals of younger than 60 years, between 60 and 70 years, and older than 70 years, there was one symptom relating to erectile Reported for occurrence during the previous 6 months; sexual activity also including own stimulus. dysfunction where the symptom prevalence varied with age within a treatment group (question 5, Figure 1 ). For this question, the symptom prevalence in survivors of the primary EBRT group was decreased for survivors aged above 70 years compared with the survivors aged less than 60 years (prevalence ratio: 0.5, 95% CI: 0.3-1.0, P ¼ 0.040). However, with respect to the reference men, this symptom was statistically significantly more prevalent only in survivors aged 60-70 years (prevalence ratio: 2.5, 95% CI: 1.3-4.8, P ¼ 0.008) and borderline statistically significantly in survivors younger than 60 years (prevalence ratio: 6.8, 95% CI: 1.0-46.6, P ¼ 0.053).
Influence of time to follow-up on sexual symptoms. The influence of time to follow-up by treatment on the symptoms with statistically significant prevalence ratios between survivors and reference men is shown in Supplementary Figure 2 . When dividing each survivor group into time to follow-up intervals of shorter than 3 years, 3-5 years, 5-7 years, and longer than 7.5 years, there were four symptoms where the symptom prevalence varied with time to follow-up within a treatment group (Figure 2) . Two symptoms related to erectile dysfunction (questions 1 and 5), one to orgasm (question 12), and one to seminal fluid (question 10). For erectile dysfunction, the symptom prevalence for question 1 was increased in survivors of the primary EBRT group for followup longer than 7.5 years compared with follow-up 3-5 years (prevalence ratio: 2.7, 95% CI:1.0-7.2, P ¼ 0.046). The increasing trend was similar for survivors in the salvage EBRT group but for follow-up 5-7.5 years compared with follow-up shorter than 3 years (prevalence ratio: 1.5, 95% CI:1.1-2.4, P ¼ 0.022). With respect to the reference men, this symptom was statistically significantly more prevalent for all time intervals except for 3-5 years in the primary EBRT group and for all time intervals in the salvage EBRT group (data not shown). The symptom prevalence for question 5 was decreased in survivors of the EBRT þ BT group for follow-up longer than 7.5 years compared with follow-up shorter than 3 years (prevalence ratio: 0.6, 95% CI: 0.4-1.0, P ¼ 0.045). With respect to the reference men, this Figure 2 . The effect of time since radiation therapy on symptom prevalence for prostate cancer survivors displayed by radiation therapy regimen. Time to follow-up in intervals shorter than 3 years, 3-5 years, 5-7.5 years and longer than 7.5 years displayed on the x axis and symptom prevalence on the y axis. Primary external beam radiation therapy (EBRT) displayed in the dark grey bars, EBRT in combination with brachytherapy (EBRT+BT) displayed in the light grey bars, and salvage EBRT displayed in the white bars; the dotted line is the prevalence in reference men.
The numbers preceding each symptom refer to the associated question number in Table 2 . 5. Loss of erection during sexual activity half the time or more Figure 1 . The effect of age on symptom prevalence for prostate cancer survivors displayed by radiation therapy regimen. Ages younger than 60 years, between 60 and 70 years, and above 70 years displayed on the x axis and symptom prevalence on the y axis. Primary external beam radiation therapy (EBRT) displayed in the dark grey bars, EBRT in combination with brachytherapy (EBRT+BT) displayed in the light grey bars, and salvage EBRT displayed in the white bars; the dotted line is the symptom prevalence in reference men younger than 60 years, the light grey line in reference men 60-70 years, and the dark grey line in reference men older than 70 years. The number preceding the symptom refers to the associated question number in Table 2 .
symptom was statistically significantly more prevalent for all time intervals (data not shown). For orgasm, the symptom prevalence for question 12 was increased in survivors of the salvage EBRT for follow-up 5-7.5 years compared with 3-5 years follow-up (prevalence ratio: 4.0, 95% CI: 1.1-14.9, P ¼ 0.039). However, with comparison with the reference men, this symptom was only more prevalent in survivors followed-up 5-7.5 years (prevalence ratio: 3.2, 95% CI: 1.3-7.6, P ¼ 0.001).
For seminal fluid, the symptom prevalence for question 10 for survivors in the EBRT þ BT group for follow-up was increased for follow-up 5-7.5 years compared with follow-up 3-5 years (prevalence ratio: 1.9, 95% CI: 1.0-3.6, P ¼ 0.039). With respect to the reference men, this symptom was statistically significantly more prevalent for all time intervals (data not shown).
DISCUSSION
We found that up to ten symptoms on erectile function, libido, orgasm, and seminal fluid occurred more frequently in sexually active survivors treated with radiation therapy for prostate cancer than in a comparable group of non-treated men of the general population. Erectile dysfunction was influenced by both age and time to follow-up, whereas symptoms relating to orgasm and seminal fluid were influenced by time to follow-up only. Not being sexually active was almost one and a half times as common in survivors as in reference men.
To our knowledge, this is the first study that describes the impact of various radiation therapy strategies on patient-reported sexual toxicity in sexually active prostate cancer survivors and at the same time acknowledges the majority of the factors previously reported to influence these symptoms. The symptom profiles of the three investigated treatment groups were surprisingly similar but differed with respect to symptoms relating to erectile dysfunction. There is an up to 70% occurrence of erectile dysfunction in men treated with EBRT depending on the method of assessment (physician-reported leading to lower numbers than patientreported) and time to follow-up (Keller et al, 2012; Incrocci and Jensen, 2013) . Vascular impairment and corporal fibrosis is associated with EBRT and is reported to result in lower symptom prevalence than the neurological damage that is associated with surgery (Hoppe et al, 2012; Keller et al, 2012) . The results of this work are in line with these previous publications with the symptom prevalence in both the primary EBRT group and the EBRT þ BT group being lower than the symptom prevalence in the salvage EBRT group (25-65% vs 35-80%, respectively). It has previously been reported that differences in symptom occurrence between primary EBRT and surgery level out with longer time to follow-up (Resnick et al, 2013) , but this was not reflected in the symptom prevalence of the primary and salvage EBRT groups of this work. Furthermore, data on sexual toxicity after adding BT to EBRT suggest an increase in symptom prevalence (Incrocci and Jensen, 2013) . This can for instance be attributed to the increased normal tissue damage that can be expected at higher doses per fraction as typically given in BT compared with EBRT or by effects relating to the surgical procedure when placing the implant needles for BT. The symptom prevalence of our primary EBRT group were, however, similar to that of our EBRT þ BT group.
Erectile dysfunction is the sexual symptom that has been most investigated so far (Roach et al, 2010; Mirza et al, 2011; Budaus et al, 2012; Hoppe et al, 2012; Keller et al, 2012; Incrocci and Jensen, 2013) , and it is included in common toxicity scoring systems that address sexual symptoms after radiation therapy such as the Late Effect Normal Tissue Subjective Objective Management Analytic (LENT SOMA tables, 1995) and the Expanded Prostate Cancer Index Composite (EPIC) questionnaire (Wei et al, 2000) . Erectile dysfunction is reported to have a maximum drop at 3 months post-radiation therapy with a recovery at 1 year, which stays stable at 2 and 3 years (Budaus et al, 2012; Incrocci and Jensen, 2013) ; it has also been reported to worsen with time, primarily in men 60 years or younger (Hoppe et al, 2012; Resnick et al, 2013) . Among our investigated symptoms relating to erectile dysfunction, we found that the prevalence of losing erection during sexual activity (question 5) decreased with longer time to follow-up in the EBRT þ BT groups but not in the other two treatment groups. However, with respect to age and the background symptom rate, this decline in symptom prevalence was only statistically significant in survivors aged less than 70 years suggesting that this may be more of a problem in younger men treated with the combination of EBRT and BT. We also found that not being able to get an erection without medication or technical aids (question 1) increased with longer time to follow-up in survivors treated with primary or salvage EBRT. Together, these findings illustrate the importance of addressing erectile dysfunction from many perspectives, including radiation therapy strategies, to get a wider understanding of its temporal trajectory.
Symptoms relating to orgasm and seminal fluid have gotten less attention in the literature on radiation-induced sexual toxicity than erectile dysfunction. We found that the prevalence of not achieving orgasm at sexual activity (question 12) doubled with longer time to follow-up in the salvage EBRT group and that the prevalence of missing seminal fluid (question 10) doubled with longer time to follow-up in the EBRT þ BT group. However, when assessing these findings in more detail, including our results on erectile dysfunction, the orgasm-related symptom turned out to be statistically significantly increased with respect to reference men for 5-7.5 years follow-up only. It has previously been pointed out that the lack of comparison with symptom prevalence in a non-treated reference group may overestimate the contribution of radiation therapy in many studies (Resnick et al, 2013) . Our results further illustrate the importance of addressing background symptom rates when working with the kinds of data as presented here.
The main strength of this work is that we used sexually active men from a large study population with a long time to follow-up and a non-treated matched reference group from the general population to identify radiation-related sexual symptoms after prostate cancer radiation therapy. The Swedish Total Population Register allowed us to follow-up all eligible men and, together with a high study participation and questionnaire response rate, the risk of selection-induced problems could be reduced. The use of a postal questionnaire also minimized the risk of interviewer-related problems. We could account for many factors that have previously been described to be associated with sexual dysfunction such as age, diabetes mellitus, pre-treatment sexual function, radiation therapy regimen, and time to follow-up. We also aimed to investigate the impact of hormonal treatment on radiation-related sexual symptoms, hormonal treatment being defined as a positive response to removal of testicles at any time because of prostate cancer or treatment with anti-androgen or gonadotropin-releasing hormone (GnRH) during the 6 months foregoing the time point of answering the questionnaire. However, our data did not allow us to investigate this as the groups became too small when stratifying for hormonal treatment. With that said, our results reflect nonhormonally treated men more than men undergoing hormonal treatment. A limitation with this work is that our results were based on the information from a fairly homogenous group of men with respect to age and ethnicity. They were also treated at one centre in Sweden during a specific time period. This has to be kept in mind when relating our results to men of other age groups, ethnicities, and other settings. Furthermore, our reported symptom prevalence was calculated for all survivors by radiation therapy strategy and because of this averaged over time to follow-up. This may have limited our ability to detect radiation-induced symptoms to some extent although we found that the majority of symptoms remained stable over time. Although this study population allows for analyses on the potential effect of medical substances and technical aids on sexual symptoms, we found this to be outside the scope of the presented work. For the same reason, we did not analyse the relationship between psychological factors and sexual symptoms. All these aspects need to be further investigated and will be reported in future publications.
In conclusion, we found that several radiation-related symptoms on erectile function, libido, orgasm, and seminal fluid existed after radiation therapy for prostate cancer and that prostate cancer survivors reported to be less sexually active than comparable nonpelvic-irradiated men of the general population. The majority of these symptoms remain stable in prevalence even 7 years post treatment. Although symptom profiles were similar between radiation therapy strategies, the actual symptom prevalence varied. Together, our results suggest that acknowledging different treatment regimens and not only focusing on erectile dysfunction can assist in increasing our understanding of relationships between dose and sexual toxicity. Together with objective measures to quantify sexual dysfunction, for example, the 'stamp test' for erectile dysfunction (Keller et al, 2012) , psychological effects such as anxiety and depression may be removed and together with patient's perspective of having the symptoms identified in this work as well as by others, the presented results can help to decide which symptoms to avoid in future prostate cancer radiation therapy.
